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The present invention relates to a two-step polymerase chain reaction method (a two-step PCR 
method). More particularly, it relates to a two-step PCR method with high sensitivity and high specificity, 
wherein the primer concentration in the first-step PCR is very low. 

The PCR (Polymerase Chain Reaction) refers to a method for the amplification of a particular DNA 

s fragment utilizing the fact that primers are required for DNA polymerase. The advantage of this PCR 
method is that an infinitesimal amount of DNAs can be amplified up to a required amount of DNAs. This is 
based on the principle that with the use of two primers (oligonucleotides) designed for a target portion of 
the base sequence, In the presence of four deoxyribonucleoside triphosphates [dNTP (dATP, dCTP, dGTP 
and dTTP)], the second strand in the portion interposed between the two primers is synthesized by DNA 

to polymerase with the first strand of the double-stranded DNA as a template. In an actual method/particular 
DNAs are amplified by repeating the following processes as one cycle up to the number of cycles required 
under the optimum conditions of temperature and duration (Saiki, R. K, et ah, Science 230 , 1350-1354, 
1985): a change of DNAs into a single-stranded form by thermal denaturation (denaturation process); 
annealing of primers to combine with template DNAs (annealing process); and synthesis of complementary 

15 DNAs by DNA polymerase (extension process). In practice, the repetition of the foregoing processes in 
about 30 cycles makes possible 10 s to 10 6 -fold amplification of a DNA fragment. Moreover, recent 
development of thermostable DNA polymerase makes possible the automation of PCR, thereby expanding 
its application field (Saiki, R. K. et al., Science 239, 487-489, 1988; and Chien, A. et a!., J. Bacteriology 127 , 
1550-1557, 1976). In the field of microbiology, the PCR method has also found wide applications as a high- 

20 sensitive detection method for bacteria, viruses, and other microorganisms. 

However, the PCR method commonly used at the present time has many disadvantages. It seems 
possible to make an infinite amplification in principle, but it is not so easy in actual cases. In many cases, if 
the cycle number of amplification is increased, then the amplification of a non-specific DNA fragment 
becomes observed in addition to the amplification of a particular DNA fragment. Accordingly, the cycle 

25 number of amplification which can be actually used is limited. In many cases, even if the cycle number at 
the limit is used, it is not possible to attain a DNA amplification up to an amount enough for easy detection. 
For tiiis reason, it is quite usual to increase the detection sensitivity by the use of radio isotope (Rl) or the 
like to compensate for this disadvantage. However, such a method requires troublesome operations with 
peculiar equipments because of the use of Rl. In addition, there is a disadvantage that It takes a few days 

so or more to obtain the results. 

Recently, some attempts to overcome the above-mentioned disadvantages have been reported. In 
particular, as a PCR method using a very small amount of template DNAs, a nested PCR method has been 
devised (Mullis. K. B. et al., Method Enzymol. 155, 335*350, 1987). Further, this method has been applied 
to the detection of hepatitis B virus (HBV) DNA and human immunodeficiency virus (HIV) DNA as a PCR- 

35 PCR method (Kaneko, S. et al., J. Clin. Microbiology 27, 1930-1933, 1989; and Simmonds, P. et al., J. 
Virology 64, 864-872, 1990). The principle of this method is that PCR is conducted twice, and its important 
feature is primer sets used in the first* and second-step PCRs. That is to say, the primer set in the second 
step will take an inside position close to the primer set in the first step, with relation to the position of a 
target DNA (see Figure 1 ). Therefore, it results in an amplification by the use of amplified DNAs obtained in 

40 the first-step PCR as template DNAs in the second-step PCR. Thus, the above-mentioned disadvantages 
are nearly overcome. It is possible to ensure the degree of amplification sufficiently to detect its products 
by a simple detection means and it is also possible to obtain theoretically a higher specificity than by 
conventional methods. 

Thus, the PCR method has always been improved so as to obtain a higher specificity by a simpler 
45 process. As a result of the study performed by the present inventors, It was found that the above-mentioned 
method involving a two-times simple repetition of PCR was not satisfying. That Is to say, the amount of 
target DNAs in a specimen is usually unknown, and when the amount of target DNAs (copy number) is 
significantly varied between the specimens In the range of from a very small amount to a large amount, this 
method using the same conditions both in the first- and second-step PCRs has a disadvantage of poor 
so specificity. 

Thus, the technical problem underlying the present invention was to develop a PCR method capable of 
readily detecting a very small amount of DNAs with higher specificity and higher sensitivity. That is to say, 
the objective of the present invention is to provide a PCR method capable of attaining an easy, quick, safe, 
economic detection of a very small amount of DNA which have been undetectable hitherto, and further 
65 having a higher specificity than that of conventional methods. 

The solution to this technical problem is achieved by providing the embodiments characterized in the 
claims. 

That is to say, the present Invention relates to: 
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(1) A two-step PCR method wherein PCR is conducted twice, comprising the improvement that the 
primer concentration in the first-step PCR is in the range of from 5 to 25 nM; 

(2) A two-step PCR method wherein the primer concentration in the first-step PCR is in the range of from 



« A MMP PCR method wherein a template DNA is human T-cell leukemia virus *P^' ( H ™-1> 
Sl£ a^rein the™ mer concentration in the first-step PCR is in the range of from 5 to 25 nM. and 

SrA?!^p y pCR n method wherein a tempiate DNA is human T-cell leukemia virus type-2 (HTLV-2) 
Dm. aTw^relnSie primer concentration in the first-step PCR is in the range of from 5 to 25 nM. and 

wherein a template DNA is H.V-1 DNA. a^ ^ 
n thefts-step PCR is in the range of from 5 to 25 nM. and more preferably from lOto 25 nM. and 
(6) A two-step PCR method, wherein the PCR method is a nested-primer PCR method. 
The££Sep PCRmeS of the present invention has a high specificity and high ^' s ' 0 ^ ch ft ha ^ 
not aSeved by any conventional PCR methods. According to the two-step PCR method of the 
pTese^LenTon the pZnce of one or more DNA molecules of interest makes possible 
Son S^ naked eye. Moreover. H is possible to ^orm ^tec«on ^ ^tTkf * 
e^micaYy, without need of Wotting, hybridization, and H ,v and any 

Th.« the two-steD PCR method is applicable not only to the DNA diagnosis of HTLV-i. my ana any 
^eT^lse? DuTaS to the DNA diagnosis of other microorganisms. Further. It can be extensively used 
£ r«3T£r employing a PCR method, such as a gene ^ff^^^i 
™iw and forensic medicine In particular, it will exhibit its high ability in the PCR examination tor 

5t o^ri^above. the two-step PCR method of the present invention is of great use. as compared 
with the known PCR methods. 

Ra Je^l^ativeposltion of primers in the two-step PCR of the present invention. 

1 Eparfn-B"- viru, (EBV), hiwnan papilloma ^us(HPV). « 
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ethidium bromide staining and ultraviolet irradiation for detection. 
The examples illustrate the invention. 

Exarople-1 (Preparation of template DNAs) 

5 

Each of the various DNAs described below was used as a template DNA. The template DNA in Item (d) 
was used as a diluent to make the DNA concentration constant. 

(a) High-molecular DNA of the HTLV-1 infected cells (TL-SU, (Sugamura, K. at a!., Int. J. Cancer 34/221- 
228. 1984)): 100 ng/UI; 

10 (b) HTLV-2 clonal plasmid DNA (pH 6 - B 3.5) (Shimotohno, K. et al. ( Proc. Natl. Acad. Sci. USA 82, 
3101-3105, 1085): 1-2X 10 6 copies/pg/ul; 

(c) High-molecular DNA of the HIV- 1 infected cells (HTLV-lllb infected Molt 4 cells, (Matsuyama, T. et al., 
J. Virology 63, 2504-2509, 1089)): 100 ng/ul; 

(d) High-molecular DNA of the control celt line which is negative for all of HTLV-1, HTLV-2 and HIV-1 
75 (human glioblastoma cell line; A172, (Igarashi, H. et al., Oncogene 1^ 79-85, 1987)): 100 ng/ul. 

Example-2 (Preparation of primers) 

As a primer set, each of the four species (p1, p2, p3 and p4) of about 30-mer oligonucleotides was 
20 synthesized by an automatic synthesizer (Cyclone, Biosearch Co.). The base sequence, position, and length 
of the respective primer sets to be used for each template DNA are as follows. 



25 
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10 



is 



20 



25 



HILV-1 (Seiki, M. et el. . Proe. Natl. Acad. Sci. USA 80, 3618- 
3622, 1983); 

pIXi : 5 ' CCC^CnCCCA W&TTIGGACAGAGTCTTC3 ' (SEQ ID HO. 1) 

nt; 7324-7353, 30aer 
pIX2 : 5 " CGGATACCCAGICIACGIGTTIGGAGACIGT3 ' (SEQ ID NO. 2) 

nt; 7358-7388, 31aer 
pIX3 : 5'GAGCCGATAACGCGTCCAICGATGGGGICC3- (SEQ ID NO. 3) 

nt; 7487-7516, 30«er 
P IX4 : 5 ' GGGGAAGGAGGGGAGICGAGGGAIAAGGAA3 ' (SEQ ID NO. 4) 
nt; 7527-7556, 30aer 
KTLV-2 (Shiaotohno, K. et al., Proc. Natl. Acad. Sci. USA 82, 
3101-3105, 1985); 

pIIEl: 5'CACACATTTTCCACIAGCCCAGCAGAGCCG3' (SEQ ID NO. 5) 

nt; 5215-5244, 30«er 
pIIE2: 5'CICA0GATTGGIAICrCCICG,ACCACICC3' (SEQ ID NO. 6) 
nt; 5252-5281, 30»er 
a, pIIE3: 5 ' HAGGGCAGGGGGGGIGIAGTCGHGGICC3 ' (SEQ ID NO. 7) 

nt; 5344-5373, 30ner 
pIIE4: 5'GAAGGCGAGTAGIACCCIAGGCCCIGTCIG3' (SEQ ID NO. 8) 
35 nt; 5446-5475, 30ner 

HIV-1 (Ratner, L. et al. Nature 313, 277-284, 1985); 

pHIXl: 5 GGGIGIGGACAIAGCAGAAIAGGCGXIACI3' (SEQ ID NO. 9) 
<o nt; 5781-5810, 30eer 

pHIX2: 5 ' ATGGAGCCAGTAGATCCIAGACIAGAGCCC3 ' (SEQ ID NO. 10) 
nt; 5830-5859, SOaer 
45 pMIX3: 5 ' GGCXICITCCIGCCAIAGGAGAIGCCIAAG3 ' (SEQ ID NO. 11) 

nt: 5955-5984, 30aer 
pHIX4: 5 AGGAG€ICnCGICGaGiaCX»CnCIi3' (SEQ ID NO. 12) 
60 nt; 5977-6006, 30eer 



55 Example-3 (Two-step PCR method) 

For PCR, QeneAmp Kit (PERKIN ELMER CETUS; Takara Shuzo) was used, and the reaction was 
conducted using PERKIN ELMER CETUS DNA Thermal Cycler. Each of the template DNA in Hems (a), (b) 
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and (c) of Example-1 was used as a specimen in a ten fold dilution (i.e., 10~ 1 to 10" 7 to *) with the template 
DNA in Item (d). Thus, a series of model specimens containing from a large number of target DNA copies 
(10 s copies) to a small number of target DNA copies (1 copy or less) are obtained* In addition, the template 
DNA in Item (d) was used as a negative control specimen. 
5 The respective primer sets prepared in Exampie-2 (Table 1) are used as shown in Figure 1; a 
combination of p1 and p4 is used for amplifying the DNA of size A, while a combination of p2 and p3 is 
used for amplifying the DNA of size B. From the primers p1 to p4 t p1 and p2 are sense primers, while p3 
and p4 are anti sense primers. 

10 

Table 1 



Template 
DNA 


Primer set 


First -step Second -step 
pi p4 p2 p3 


HTLV-1 
HTLV-2 
RIV-1 


pIXl pIX4 pIX2 plX3 
pIIEl pIIEA pIIE2 P 1IE3 
pHIXl pHIX4 pHIX2 pHIX3 



(1) First-step PGR 

35 In this FOR step, 5 ul of each of the step-wise-diluted template DNAs (corresponding to 0.5 ug of 
DNA), 10 ul of a 10 x reaction buffer [500 mM KCI, 100 mM Tris-HCI (pH 8.3), 15 mM MgCfe, 0.1% (w/v) 
gelatin]. 16 ul of a dNTP mixture [125 mM dNTP (dATP, dCTP, dGTP and dTTP)], 1000 - 0.1 nM of each 
of the primers (p1 and p4), and 2.5 units/assay thermostable DNA polymerase were mixed together, and the 
total volume of the solution was brought to 100 ul. The denaturation process, annealing process, extension 

40 process, and total number of cycles for the respective template DNAs are listed in Table 2 below. These 
conditions were respectively determined as a result of various examinations. 

Table 2 



Template DNA 


Denaturation 


Annealing 


Extension 


Cycle No. 


HTLV-1 


94* C 1 min. 


63* C, 1 min. 


72* C, 2 min. 


25 


HTLV-2 


94*0 1 min. 


63*0, 1 min. 


72* C, 2 min* 


25 


HIV-1 


94* C1 min. 


60* C, 1 min. 


72*C,2 min. 


25 



(2) Second-step PCR 

In this PCR step, 10 ul of each of the first-step PCR products as a template DNA, 10 ul of the same 10 
x reaction buffer as used in the first-step, 16 ul of a dNTP mixture [125 mM dNTP (dATP, dCTP, dGTP 
and dTTP)], 1.0 uM of each of the primers (p2 and p3), and 2.5 units/assay thermostable DNA polymerase 
were mixed together, and the total volume of the solution was brought to 100 ul. The denaturation process, 
annealing process, extension process, and total number of cycles for the respective template DNAs are as 
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listed in Table 3 below. These conditions were respectively determined as a result of various examinations. 

Table 3 



to 



Template DNA 


Denaturatton 


Annealing 


Extension 


Cycle No. 


HTLV-1 


94* C, 0.5 min. 


68* C, 1 min. 


72* C, 1.5 min. 


30 


HTLV-2 


94 *C, 0.5 min. 


65 *C, 1 min. 


72 "C, 1.5 min. 


30 


HIV-1 


94* C. 1 min. 


65*C, 1 min. 


72* C, 2 min. 


30 



75 



20 



25 



(3) Detection of amplified gene fragments by gel electrophoresis and ethidium bromide staining 

First, 1/10 volume, 10 ul, of each of the products obtained in the second-step PCR was subjected to 
electrophoresis on a mixed gel of 2.0% Nusieve (trade name, Takara Shuzo Co.) and 1.0% agarose 
together with DNA molecular weight markers. Then, an ethidium bromide stained image was obtained by 
ultraviolet irradiation, and photographed with a Polaroid film, followed* by the judgement of detection. The 
theoretical target sizes (of the second-step PCR products) for the respective template DNAs are shown in 
Table 4 below. 



Table 4 


Template DNA 


Target size (Second-step PCR products) 


HTLV-1 


159 bps 


HTLV-2 


122 bps 


HiV-1 


155 bps 



30 



35 



40 



50 



(4) Results 

i) The following results are those obtained in the two-step PCR by using five serial concentrations of 
1000, 100, 10, 1, and 0.1 nM for the primer concentration in the first-step PCR, and by using HTLV-1 
DNA as a template DNA. 



Primer concentration (nM) 


Detection limit 
(Dilution of template DNA) 


Non-specific band 


1000 


10-* 


appeared 


100 


10-* 


appeared 


10 


10" 6 


none 


1 


10-* 


none 


0.1 


10-* 


none 



These results showed that the primer concentration capable of attaining a satisfactory detection 
sensitivity and specificity is 10 nM. 

ii) Since it was found from the results In Item I) that the primer concentration in the first-step PCR is 
preferably 10 nM, a more detailed examination was made with respect to the four concentrations of 50, 
25, 10, and 5 nM around this concentration of 10 nM. The results are shown In the table below. In this 
examination, the three template DNAs in Items (a), (b) and (c) of Example-1 were used for the purpose of 
confirming the possibility that the applied field of the present method will be extended. 



55 
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Template 


Primer 


Detection limit 


Appearance of non-specific 


DNA 


concen- 


(Dilution of 


bands (Dilation of 




tration 


teaplate DNA) 


template DNA) 




(nM) 








50 


10- • 


10- » to 10-» (slight) 


HILV-1 


25 


io-» ** 






10 


10- • 






5 


io-» 






50 


io-» 


10-> to 10-» 


HTLV-2 


25 


io-« »• -* 


10-' to 10-* 




10 


io-» «• -». 






5 


io-« «• -• 






50 


io-» 


10- » to 10-« (slight) 


HIV-1 


25 


10" • 






10 


io-» 






5 


io-« «• -• 





These results will lead to the following: 

® In the case of HTLV-1, it was found that the primer concentration capable of attaining a satisfactory 
detection sensitivity and specificity is In the range of from 5 to 25 nM with the optimum primer 
concentration being 25 nM which makes possible the specific detection up to a dilution of 10~ 7 . On the 
basis of the facts that the TL-Su cell used herein contains 10 to 20 copies of the HTLV-1 genome per 
cell, and that the amount of DNAs contained in 10 s human cells corresponds to about 1 ug, it is found 
by calculation that there are 10" 2 TL-Su cells (approximately 0.1 to 0.2 copies of the HTLV-1 genome) in 
5 u! of a 10~ 7 dilution (0.5 ug). In the repeated experiments using the same template DNA, detection up 
to a dilution of 10"* was frequently achieved, which indicates that 1 to 2 or more copies of the HTLV-1 
genome can be detected by the use of a dilution of 10"*. 

© In the case of HTLV-2, It was found that the primer concentration capable of attaining a satisfactory 
detection sensitivity and specificity Is in the range of from 5 to 25 nM with the optimum primer 
concentration being 10 nM which makes possible the specific detection up to a dilution of 10~ 7 . On the 
basis of the fact that the HTLV-2 clonal plasmid DNA used herein contains the HTLV-2 genome 
corresponding to 1.2x10-* copies/pg/ul, It is found by calculation that there are approximately 0.6 
copies of the HTLV-2 genome in 5 ul of a 10" 7 dilution. In the repeated experiments using the same 
template DNA, detection only to a dilution of 10~* was sometimes observed, which indicates that 0.6 to 
6.0 or more copies of the HTLV-2 genome can be detected by the use of a dilution of 1 0 s to * 7 . 
® In the case of HIV-1, it was found that the primer concentration capable of attaining a satisfactory 
detection sensitivity and specificity is in the range of from 5 to 25 nM with the optimum primer 
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10 



15 



20 



concentration being in the range of from 10 to 25 nM which makes P^J* * £ 

^dilution of 10- 5 Although the precise number of the HIV-1 genome contained in each Hiv-1 infected 
JJ?S3*^lll«fc«rt infected cells in 5 ul (0.5 ug) of a 

SSZZ the basis of the fact that the amount of DNAs contain^ in 10* human ceHs^rresponds 
to about 1 ug. Therefore, it can be said that the detection limit is 0.5 infected ce * 
Putting these results together, ft seems that the primer concentration used in Jefirst^ep PCR bythe 
two-step PCR method erf the present invention is preferably in the range of from 5 to 25 nM^ more 
X Smum onmerloncentratlon being in the range of from 10 to 25 nM. Hw^Jj the 
'Spy number ofTe template DNA in the subjects is presumed to be extremely small 1 to 10 c^es) the 
concentration of 25 nM is recommended to be used. In conducting an expenment, tt is preferred that the 
P^S^«Lentration is determined within this concentration range on the basis of the expenmenta. 

addi^r L^yTmbers below a decimal point can never be 
the nteroretation that a fluctuation of the maximum detection limit in the expenments 0-e., when us.ng a 
SSuCSTS? 5fi Se-mentioned cases (1) and (2). there were some bands appearing and 
dsti^ng depend^ upon the experiments) may be caused by a dilution error and "n^*™ « 
c^be 3ud£ that the two-step PCR method of the Present invention ^*«^j£Z~™ 
detect one copy of the template DNA. Moreover, it was shown that the specificty of the two-step PCR 
1Z^£%^*JL is satisfactory for practice, applications, ^cause ™^JT* 
™ detected in the subjects containing a template DNA in the copy number of from 10= down to 1. 



25 



30 



35 



40 



45 



50 



55 



9 



EP 0 469 610 A1 



SEQUENCE LISTING 

INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIR: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: l: 
CCCACTTCCC AGGGTTTGGA CAGACTCTIC 



INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GGGATACCCA GTCIACGIGT TTGGAGACIG T 



INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A)LENGTH: 30 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIjOGY: linear 

(ii) MOLECULE IYPE: other nucleic acid, synthesized DNA 

(iv) ANTI -SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

GAGCCGATAA CGCCICCAIC GAIGGCGICC 



INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
as (A)LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
«> (D)TOPOLOGY: linear 

(ii) MOLECULE IYPE: other nucleic acid, synthesized DNA 

(iv) ANTI-SENSE: yes 
35 ( X i) SEQUENCE DESCRIPTION: SEQ ID NO: A: 



GGGGAAGGAG GGGAGTCGAG GGATAAGGAA 

40 



INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
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(iv) ANTI-SENSE: no 
6 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

CACACATTTT CCACIACCCC AGCAGAGCCG 

10 



is 



so 



25 



30 



as 



INFORMATION FOR SEQ ID NO:ft: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEDNESS: single 
"(D)TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CICACGATTG GIATCICCIC CTACCACICC 30 



INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACIERISIICS: 
40 (A)LENGIH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEDNESS: single 
<*s (D)TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
(iv) ANTI -SENSE: yes 
60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



TIAGGGCAGC GGGGGIGTAG TCGTTGGTCC 30 



55 
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w 



16 



20 



25 



35 



40 



INFORMATION FOR SEQ ID HO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(if) MOLECULE TYPE: other nncleic acid, synthesized DNA 
(iv) ANTI -SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
GAACGCGAGI AGTACCCTAG GCCCIGTCTG 30 



INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
» (A)LENGTR: 30 base pairs 

(B) IYPE: nncleic acid 

( C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nncleic acid, synthesized DNA 
(iv) ANTI -SENSE'- no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



GGGTGTCGAC ATAGCAGAAT AGGCGTTACI 

45 

INFORMATION FOR SEQ ID NO: 10: 

BO 

(i) SEQUENCE CHARACTERISTICS : 
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(A) LENGTH: 30 Use pairs 

(B) TYPE: nucleic acid 

(C) SIRANDEDNESS: single 

(D) TOPOLOCY: linear 

(ii) MOLECULE TYPE: other nucleic ecid, synthesized WA 
(iv) ANTI-SENSE: no 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
AIGGAGCCAG TAGATCCIAG ACIAGAGCCC 



INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGIH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 
(iv) ANTI-SENSE: yes 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

cGcncncc tgccatagga gaigcciaag 



INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid, synthesized DNA 

(iv) ANTI-SENSE: yes 

(zi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

AGGAGGTCII CGIOGCICIC TCCCCTICn 30 



Claims 

1. A two-step PCR method wherein PCR i$ conducted twice and the primer concentration in the first-step 
PCR is in the range of from 5 to 25 nM. 

2. The two-step PCR method according to claim 1. wherein said primer concentration is in the range of 
from 10 to 25 nM. 

3. The two-step PCR method according to claim 1 or 2, wherein a template DNA is HTLV-1 DNA. HTLV-2 
DNA. or HIV-1 DNA. 

4. The two-step PCR method according to any one of claims 1 to 3. wherein said PCR is nested-primer 
PCR. 
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